INTRODUCTION

73
The muscular tissue is responsible for functions like mechanical protection and thermal 74 insulation, besides generating force that is reversed in movements. This tissue has great capacity for 75 anatomical and physiological adaptations such as increase in cross-sectional area, greater amount of 76 Type I and II fibers due to training type, intensity and individual responses (MACDOUGALL, 77 2008).
78
One of the most important factors in the strength of muscle contraction is the length of the 79 sarcomere -the morphofunctional unit of the skeletal striated muscle -which depends on the initial 80 length of the sarcomere in addition to the tendinous stiffness that determines the shortening of the 81 fibers. In addition, human skeletal muscle functions with a sarcomere length pattern that allows 82 high levels of force production, however, in some cases the length of the fascicles changes 83 perceptibly during maximal contractions (MACINTOSH, 2017) .
84
The sarcomere is composed of two types of filaments, thick (nebulin / myosin) and fine
85
(titin/actin). Muscle contraction requires a precise alignment between the actin and myosin 
89
At the distal end of the muscle tissue there is a complex and specialized region called 90 myotendinous junction (CHARVET et al., 2012) . The MTJ is the main area of predisposition to Therefore, the aim of this study was to describe the ultrastructural and morpho-quantitative 117 alterations of the myotendinous junction of the anterior tibial muscle of ovariectomized elderly
118
Wistar rats submitted to a swimming protocol and the hypothesis that adaptations in the lengths of 119 the sarcomeres occur in this region. 
MATERIALS AND METHODS
122
Animals
123
Twenty Wistar rats, aged 1 year and 8 months, were randomly divided in four groups Figure 1D ).
187
In the M group they presented drastic reduction in the amount of collagen fibers as well as 188 attenuation in the length and thickness of invaginations and sarcoplasmatic evagination ( Figure 1E ).
189
At higher magnification, a conical shape of the muscle tissue was observed with tissue 190 disorganization when sarcomere misalignment was revealed ( Figure 1F ).
191
In the ME group a higher tissue organization with a parallel arrangement was observed, 
Morphometric Analysis
198
Length of Sarcoplasmatic Invaginations and Evaginations
199
Measurements of the lengths (Fig 2A) 
Thickness of Sarcoplasmatic Invaginations and Evaginations
211
Measurements of the thicknesses (Fig 2B) of sarcoplasmatic invaginations and evaginations 212 were presented.
213
The invagination and evagination thickness presented similar adaptations (p> 0.05).
214
In S group the thickness of sarcoplasmatic invaginations and evaginations were 30.8% 215 (p<0.01) and 16.6% smaller in relation to E group (p>0.05), respectively. In the M group, they 216 presented thicknesses of invaginations and evaginations 21.4% (p>0.05) and 26.1% smaller than S 217 group. In the ME group, thicknesses of invaginations showed 34.3% greater (p<0.05) and 218 sarcoplasmatic evaginations 37.6% smaller (p<0.001) than the M group. In addition, in the ME 219 group, the thicknesses showed values 5.5% higher and 8.8% smaller in relation to S group (p>0.05).
221
Morphometrics -Proximal and Distal Sarcomeres
222
Measurements of the proximal and distal sarcomeres ( Fig 2C) were presented.
223
The proximal sarcomere lengths were 25.8% lower in the S group than in the E group (p 224 <0.05), as well as 50.5% shorter distal sarcomere lengths (p<0.001). The M group had proximal 225 sarcomere lengths 41.2% (p<0.001), and distal 14.6% (p>0.05) higher than the S group. The ME 226 group was 54.5% higher in the proximal sarcomere lengths, and, in the distal sarcomere, 47.8% 227 higher in comparison to the S group (p <0.001). The ME group presented values 9.4% (p >0.05) and According to Knudsen et al., (2015) , MTJ is a dynamic structure that adapts to the stimuli 
298
The results obtained in this study confirm the research of Fontinele et al., (2013) in which 299 physical exercise has the ability to mimic the deleterious effects of ovariectomy and consequent 300 interruption of hormonal levels evidenced by extensive adaptations in the anterior tibial 301 myotendinous junction of rats the elderly.
302
In the experimental model menopause and submitted to the training of swimming, ME, According to Gordon et al. (1966) the amount of force that a muscle is capable of generating 320 is directly related to the length of the sarcomeres. In addition, Plotnikov et al. (2008); Ralston et al.
321
(2008) argue that the integrity of myofibril can be observed by sarcomere patterns as well as these 322 may be useful in the diagnosis of muscular diseases.
323
The lengths of the proximal sarcomeres in M and ME groups increased according presented 324 adaptive changes through aging associated with hormonal deprivation, possibly due to marked 325 muscular atrophy. Such changes in the lengths of the proximal sarcomeres may be due to the 326 adaptations of the adjacent sarcomeres, the distal sarcomeres.
327
The length of the sarcomere depends on several factors such as: total muscle length, quantity 328 of sarcomeres, tendon length and stiffness (MACINTOSH, 2017) . The distal sarcomere lengths 329 were higher than the proximal sarcomeres and maintained their standard in the S and M groups. In 330 the E and ME groups, there was an expressive increase in lengths caused by physical training that 331 possibly promoted the synthesis of protein myofilaments at the MTJ, the site of addition of new 332 sarcomeres.
333
In M, the lengths presented alteration in the distal sarcomeres, in addition, it was possible to 334 conclude that the length of the sarcoplasmatic evaginations decreased and their thickness increased, 335 probably due to the atrophy and reduction of the sarcomeres. It thus presents a correlation with the 336 length and thickness of sarcoplasmatic invaginations also evidenced by tissue atrophy. In addition, 337 the lengths of the proximal sarcomeres showed to be smaller than the S group and larger in relation 338 to the ME group.
339
The length of the distal sarcomere and the length of the invaginations presented a pattern of 340 similar alterations due to the adaptations through training and consequent traction of the sarcomeres 341 in series associated with the extracellular matrix through the MTJ.
342
In the trained groups (E and EO), a similar increase in the length of the distal sarcomeres 343 was observed, possibly associated to the traction of the bundles generated by the muscular 344 contraction of the swimming in order to bring about adaptations in the sarcomere plasticity. In addition, it was observed that training in ME promoted adaptations that reestablish and even improve S patterns, demonstrated by greater lengths and thicknesses of sarcoplasmatic We concluded that the association between ovariectomy and swimming training promoted 
